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ABSTRACT
The Space Ultra-Low Frequency Radio Observatory (SULFRO) concept is a constellation consisting of a
micro-satellite Mothership and 12 nano-satellite Daughters each being equipped with an omni-directional
antenna system that enables observing ‘all the sky all the time’ in the 1-100MHz frequency range. The
constellation is in a Lissajous or Halo orbit around the second Sun-Earth Lagrange point (L2), in a passive
formation flying mode. The Daughters’ three dipole antennas detect low frequency radio waves and transmit
the digitized data to the Mothership, where data correlation and digital signal processing are done to reduce the
data volume for transmission back to the Earth. This paper presents a concept design of the satellite systems for
such a space radio telescope array, using the recent micro- and Nanosatellite technologies and products. A
preliminary concept design is presented for the 13 satellites involved in this mission, with brief discussion on
the subsystems and technologies involved. Technical issues and potential solutions are discussed and further
elaborated for the key technologies that enable such a complex science mission with links to the recent satellite
engineering experiences.
1.

INTRODUCTION

The Earth’s ionosphere and man-made Radio
Frequency Interference (RFI) make ground-based
observations of the celestial sky at ultra-low radio
frequencies (0.1 – 30 MHz) mostly impossible. A
space-based loose formation-flying array, forming a
large effective aperture, is a feasible concept for such
ultra-long wavelength surveys that will provide a
unique opportunity for the detection of the Doppler
red-shifted 21cm hydrogen line emissions from the
Cosmic Dark Ages. Other interesting science cases
include an all-sky survey of Galactic and
extragalactic radio sources at low frequencies, as
well as heliophysics and planetary studies. Although
the concept of a low-frequency space array has been
studied since the mid 1970s, no proposal has been
successfully implemented for being too expensive or
technically infeasible. Recent advances in nano- and
micro-satellite technology standards make it possible
to reconsider such a low-cost observatory platform.
Evolved from the SURO-LC mission concept[1], the
Space Ultra-Low Frequency Radio Observatory
(SULFRO) concept is a constellation consisting of a
micro-satellite Mothership and 12 nano-satellite
Daughters each equipped with an omni-directional
antenna system that enables observing ‘all the sky all
the time’ in the 1-100MHz frequency range. The
constellation, in a passive formation flying mode,
can be located in a Lissajous or Halo orbit around
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the second Sun-Earth Lagrange point (L2), where the
terrestrial RFI is significantly reduced and the very
low relative orbital drift facilitates control of the
swarm. The Daughters’ three dipole antennas receive
the low frequency radio waves and transmit the
digitized data via a high-speed inter-satellite links
(ISL) to the Mothership, where data correlation and
digital signal processing reduce the data volume for
transmission to the Earth for further image
processing. SULFRO will open up the last
unexplored radio frequency regime, leading to a
large discovery space. The SURO-LC mission
concept was submitted for the ESA S-Class science
mission call in 2012[1]. The SULFRO mission
concept has also been submitted to the ESA-CAS
joint scientific space mission 1st workshop[2,3] in
2014.
Operating at ultra low radio frequencies (ULF),
which are partly inaccessible from the ground due to
the Earth’s ionosphere and man-made RFI, SULFRO
is an efficient imaging radio interferometer that can
address unique scientific questions, which are also
the goals of the ESA Cosmic Vision 2015-2025
Programme and the NASA new astrophysics
roadmap. SULFRO will contribute to the
understanding of the early evolution of the Universe
and its constituents, and discover new physical
aspects of the Solar system and the Milky Way.
SULFRO will focus on one primary science
objective and four secondary ones[1]:
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•

•

The primary science goal is to explore the
History of the Cosmic Dark Ages. Neutral
hydrogen (HI) is the most abundant constituent
across the whole history of the Universe. The
well-known 21-cm signals, the red-shifted HI
emission line (rest frequency of 1420 MHz)
originating from the early Universe, carry
important information characterizing the
timing and duration of distinct evolutionary
stages of the early Universe. This is one of the
few approaches to learn the complete History
of the Universe.
The secondary science cases cover a broad
range of astrophysics and fundamental physics
aspects relating to celestial objects in ‘the
foreground’ of the 21cm signals in the primary
science case that need to be identified and
removed from the data.
1) An all sky survey of extragalactic radio
sources. About 2 million discrete radio
sources will be detected during a one-year
operation. The bulk data enables a trace
of the cosmological evolution of radio
galaxies, to identify their feedback to host
galaxies, and to understand the duty cycle
of radioactivity of the active galactic
nuclei (AGN).
2) Galactic interstellar medium (ISM) and
pulsars. The structure and emission
properties of the ISM, as well as the
spectrum of pulsars at the lowest radio
frequencies are largely unexplored due to
the absence of suitable observing
instruments.
3) Heliophysics and space weather.
Complementing other imaging solar
telescopes operating at higher frequencies,
SULFRO will be able to image the
coronal mass ejections to much larger
distances from the Sun and beyond the
Earth’s
orbit,
improving
our
understanding of the heliophysics and
space weather.
4) Planetary studies. The planets in the
solar system show strong magnetospheric
emission that manifests the interaction
between the solar wind and the planetary
magnosphere. SULFRO is also expected
to detect exoplanets with strong magnetic
fields.

As a low-cost space mission, SULFRO provides
rapid science returns with low technical risks.
SULFRO, even in comparison with other
Large-Class luxury space missions, has the capacity
to address human questions on ‘How did the
Universe begin? How do galaxies form and grow?
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How does the Sun work? and What are the
conditions of habitable exoplanets?’ .
SULFRO will also be a pathfinder of a future
high-resolution,
high-sensitivity
Ultra
Low
Frequency (ULF) space-based radio observatory and
will serve as a pathfinder for the future Square
Kilometer Array (SKA).
2.

MISSION

AND

SYSTEM

CONCEPT

DESIGN
The SULFRO mission and system concept has been
derived from the early multi-satellite SURO-LC[1]
mission follows from two ESA pre-Phase A studies,
FIRST (2009)[4] and DARIS (2010)[5], and ongoing
both of which independently demonstrated
feasibility of a low-frequency free flying instrument.
The daughter and mothership spacecraft and their
subsystems will be adaptations of flight proven
designs, making best use of nano- and micro-satellite
developments with high Technological Readiness
Levels (TRL).
2.1 Mission concept & system constitution
SULFRO consists of 13 slowly moving spacecraft,
with one central Mothership micro-satellite and
twelve distributed Daughter nano-satellites, forming
a low maintenance formation flying constellation
being placed in a very quiet a Lissajous or Halo orbit
around L2, as illustrated in Fig.1. Each of the
Daughter satellites is equipped with three dipole
antennas and forms the distributed aperture elements
of the radio interferometer. The Daughters are
locked in a low relative-drift stable orbit. This
low-maintenance formation flying configuration can
now be achieved at low cost using recently
established small spacecraft engineering solutions.
SULFRO will operate in the virtually un-explored
frequency domain, which is inaccessible from the
Earth, by avoiding ionospheric blocking and
man-made radio frequency interference.
The SULFRO telescope has three main observing
modes: a) All-Sky Imaging with omni directional
spatial resolution of the sky, a time resolution of
1-10 seconds and a frequency range from 0.1 MHz
up to 30 MHz, b) Rapid Burst Monitoring using all
sky imaging and 100 ms integrations for responding
to rapid solar and Galactic events, and c) Targeted
Burst Monitoring by phasing the array to form a
beam in a particular direction in the sky for
observation of transient radio sources and variable
planetary emissions. SULFRO will provide the first
high-resolution sky map at frequency below 50
MHz.
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Fig.1 SULFRO mission concept and system constitution
2.2 Science Payload and instruments
The major science payloads of the SULFRO are the
antenna, the on-board processing system in Daughter
satellite, the on-board data correlation system in
Mothership
satellite,
the
intersatellite
communication system, and the Space-Earth
communication system:
1)

2)

3)

Science receiving system (antenna). The
science objectives require that the antenna
shall be able to perform (a) all-sky imaging, (b)
polarimetry, (c) spectral analysis, (d) transient
detection, and (e) targeted observations. The
critical components of the antenna are three
dipole antennas of overall length of about 3m,
a low noise amplifier (LNA), and an RFI
mitigation module, as illustrated in Fig.3
Digital data processing. Pre-processing at the
Daughters and correlation processing on-board
the Mothership produce raw science data using
proven terrestrial astronomy techniques
uniquely adapted for ‘all sky’ viewing. A
high-speed AD converter and fast FPGA with
high TRL would be used.
Intersatellite communication system. The
telescope’s imaging capability is enhanced by
the slowly evolving relative positions of the
spacecraft in the Sun-Earth L2 orbit. Accurate
knowledge of the separation and relative
orientation of the spacecraft is required but not
precise control. Multi-lateration data fusion
metrology algorithms, developed from high
performance aerospace measurement
applications, give consistent, reliable,
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4)

precision ranging and relative orientation
derived from coarse standard radio ranging.
Space-Earth communication system. The
X-band downlink unit provides transport of
payload data to the ground station. It consists
of the X-band downlink assembly, high-gain
and low-gain antennas and the waveguide
links between them. Two different modes are
available for the X-band downlink:
high-data-rate scientific data and low-data-rate
commanding data.

2.3 The Mothership satellite
The Mothership satellite is designed based on a
compact octagonal architecture, consisting of
sandwich panels and eight frame beams connecting
the bottom floor with the top floor, as illustrated in
Fig.2. The bottom floor carries a propulsion module
and the reaction wheels, while the top floor
accommodates an X-band high-gain antenna (HGA),
a receiving path antenna, and a gamma link antenna.
The top panel also carries a 4 solar array deployment
mechanism.
Eight lateral panels support the main avionics
elements that dissipate heat and the panels are
mounted on the bottom floor and held in position by
the beams. All daughter Nano-satellites are parked
on the outside surfaces of the lateral panels.
The proposed attitude and orbit control system
(AOCS) consists of a gyro, 4 reaction wheels and 2
star trackers, which are compatible with the pointing
accuracy. The propulsion system consists of 8 micro
thrusters and a fuel tank, which are mainly used for
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dispersion correction/navigation, and for station
keeping and the maneuvers to release daughter
satellites.

2.4 Daughter satellites
The daughter satellite is designed as a 2U
cube-satellite, with a payload of three orthogonal
dipoles antenna, a micro-propulsion subsystem for
formation flying maintenance, a communication
subsystem with one low-speed inter-satellite link
(ISL), to be implemented by Gamalink, a high-speed
inter-satellite link (ISL), an onboard data handling
subsystem for satellite control and data processing, a
three axis stabilized attitude control subsystem, and a
power subsystem. It is also equipped with an
electromagnetic release mechanism interfaced with
the Monthership.

Fig.2 Satellite system configuration and constitution

The Satellite Management Unit (SMU) manages the
main operations, such as data-handling failure
detection identification and recovery (FDIR),
payload operation, AOCS, and power and thermal
control. The hardware is based on modular units
including core standard boards plus dedicated I/O
boards to connect AOCS and spacecraft unit/devices.
The On-board software, running on the SMU,
consists of the Boot Software and the Central
Software (CSW). Both are stored in dedicated
EPROMs. The Central Software is built using the
high level programming language "C" and is based
on the use of the VxWorks (Real Time Executive for
Multiprocessor Systems) real time operating system.
The SMU connects with other units via a CAN bus,
serial lines, as well as analog and discrete interfaces.

，

The spacecraft power conditioning function are
performed autonomously by the Power Conditioning
and Distribution Unit (PCDU), the PCDU also
handles the switching and protection of the power
lines supplying all the other satellite units, and the
regulated 30V DC power bus will be distributed by
independent outlets. The selected solar cells for 4
wings are flight-proven GalnP2/GaAs/GeTriple
Junction with 28% efficiency.
Each daughter satellite controls the transmission of
the science data to the Mothership as well as ranging
and TT&C linking with both the other daughters and
the Mothership. Each spacecraft computes precision
separation from and relative orientation to each of
the others and shares the information over the TT&C
link.
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Fig 3 Daughtership Cube-satellite with payload
antenna
2.5 Sun-Earth L2 orbit design
In order to achieve a very quiet radio environment
and low relative inter satellite drift, the orbit of
SULFRO has been selected to be at L2. The
formation satellites will be in a Lissajous or halo
orbit about the Lagrange point L2. In the Sun-Earth
system the L2 point is on the rotating Sun-Earth axis
about the same distance away as L1 (1.5 million km,
representing 1/100 the distance from Earth to the
Sun) but at the opposite side of the Earth. The L1
location is inside the Earth orbit while the L2
location is outside the Earth orbit.
In order to avoid Earth and moon eclipses of the Sun,
the orbit of SULFRO is in a plane slightly out of the
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ecliptic plane, with the period about 6 months. The
geometry of the orbit is defined by amplitudes along
each axes, the axes are defined by the Sun-Earth-L2
line and the ecliptic plane. The Y and Z amplitudes
are coupled, the maximum Y amplitude is about
800,000km, the maximum Z amplitude is about
500,000km.
The spacecraft can be placed in a transfer trajectory
directly by a Chinese Long March series launcher,
after which a small delta V of less than 70 m/s is
required to correct the trajectory. The requirement
for no eclipse during the mission phase also limits
the available launch opportunities, and the initial Yand Z-amplitude and the phasing of the Lissajous
orbits must be selected to avoid eclipses at L2. The
Sun Earth Lagrange points, the transfer trajectory
and the Lissajous orbit are illustrated in Fig.4 below.

which they are allowed to drift to a 30 km separation.
The ∆V calculated for the deployment and
subsequent configuration management is <15m/s.
For operations, the whole constellation is Sun
pointing. Because of the difference of solar radiation
pressure on the Mothership and Daughter satellites,
the distance between satellites will keep drifting. No
precise position control is needed since the
constellation are in a loose formation flying
operation, but the relative distances and positions of
Daughter satellites shall be measured to a fraction of
the observing wavelength, or about 30 cm for
frequencies around 100 MHz. Some control of the
trajectories is still required for collision avoidance
maneuvering and for nudging the Daughters back
when they reach the outer edge of the constellation.
Using anti-collision predictive modelling, the
Mothership can orchestrate this swarm control
function. The ∆V budgets calculated for orbital
maintenance is <1m/s a year.
3.

SULFRO is a complex system consisting of 13
micro/nano satellites forming a swarm or
constellation flying in an orbit around L2. Key
technologies are required to enable the
implementation of such an innovative and complex
science mission. This chapter presents some of these
key technologies and discusses their performance
requirements and the possible solutions. It needs to
be emphasized that the discussion presented here are
only at a conceptual and feasibility level, even if
some performance data or parameters can be derived
based on experience, and more analysis work is
required to form a solid engineering solution.

Y
earth
Z

KEY TECHNOLOGIES

X
L2

Moon

3.1 Daughter satellite release and forming a
formation
Fig.4 Sun-Earth L2 Halo orbit
2.6 Satellite constellation maintenance
The tasks of the AOCS are to deliver the
constellation to its operating orbit, deploy the
constellation and then maintain a configuration. The
first two tasks are achieved by the Mothership
AOCS and the third by both the Daughters and
Mothership AOCS acting together. Navigation to the
Lissajous orbit at L2 is achieved with a propulsion
system, attitude sensors and control equipment.
Maneuvering to deploy the Daughter spacecraft and
subsequent station keeping on the constellation is
achieved with micro-propulsion. The 12 Daughters
are deployed sequentially in an evenly distributed
spherical configuration of diameter 2 km, after
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After the Mothership with all Daughter satellites
attached has reached a stable orbit, the Daughters
remain attached to the Mothership until the
disturbance rates are reduced to an acceptable level
by using the Mothership’s micropropulsion system.
Then the attachment mechanism will sequentially
release the Daughter satellites.
To prevent excessive relative initial drift rates during
the releasing process, it is required that the
disturbance caused by the attachment mechanism
shall be as small as possible. With a disturbance-free
release, the Mothership could sequentially, gently
and stably, place each Daughter satellite in a parallel
orbit. Electromagnetic locking and releasing
technology is required to implement such a

28th Annual AIAA/USU
Conference on Small Satellites

disturbance-free release, which has already been
successfully applied in many terrestrial domains.
The principle behind the technology is to use an
electromagnetism to lock the Mothership and
Daughters. The electro-magnetic technology enables
actuation of a docking and release function without
using chemically energetic and thermally sensitive
devices. This type of attachment mechanism consists
of powerful electromagnets and anchor terminals
made of steel, set respectively at the interface
between
Mothership
and
Daughters.
The
electromagnet is made of a coil of insulated wire
wrapped around an iron core, the attached strength
of magnetic field generated is proportional to the
amount of current. The basic specifications for the
Daughter satellite release mechanism are defined as
follows:
Mass: ≤1 kg
Voltage: 5 V

Consumption: ≤ 12 w

Core: 10mm @ 100 mm
The attachment mechanism based on the
electro-magnetic technology plays a key role in
SULFRO project, and the simple structure and light
weighting partially reduces the engineering
constrains for the Daughters.



3.2 Low speed Inter-Satellite Link and data
communication
Each Daughter communicates with all the other
Daughters and the Mothership via an inter-satellite
communication device with omni-directional
antennas to build a low data-rate link (2.4-2.45GHz,
<1Mbps) in the constellation. The ISL enabling
device is an advanced communications platform
relying on software defined radio (SDR) technology
and ad-hoc adaptive networking technology that
have already been vastly used to provide terrestrial
connectivity. Each satellite (Daughter or Mothership)
is an independent node in the constellation network,
which can access the network and communicate with
each other automatically without influencing the
network. Although the Daughters and Mothership
keep a stable relative placement in this case, we can
still benefit from its flexibility.
All the nodes in the network work with a single
frequency for transmitting and receiving, and ‘code
division multiple access’ is used to distinguish the
nodes. The modulation is QPSK (OQPSK) with 7
1/2 convolutional coding and a baseband width of
40MHz. It can perform ISL ranging by pseudo-range
and carrier phase measurements, which can obtain
centimeter-level ranging accuracy.
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It also includes an SDR algorithm for distance
measurement and determination to make sure
whether the Mothership and Daughters are
maintaining their optimal configuration of relative
position for observation and the down-link to
ground.
The device is designed to cope with the restricted
space and energy of a very small platform. The
footprint and volume are specifically designed to fit
within a CubeSat or NanoSat dimensions and their
peak power consumption is limited to 7W for a 36
dBm RF output power. The average power
consumption is 1-1.5 W for transmitting and
200-500 mW for receiving.
S-band links are usually operated with multiple
monopoles placed at several faces of a satellite for
omni-directionality. The device board has more than
3 S-band RF interfaces for ISL. The system will
choose proper antennas for transmitting and
receiving based on the attitude information from
satellite attitude determination and control system
(ADCS).
3.3 High speed ISL
The Daughter satellites support inter-satellite links
(ISLs) using directional (high-gain) antennas pointed
at the Mothership in order to relay the observational
data (after onboard pre-processing) at the highest
possible rate of at least 60 Mbps. The rapidly
developing android technology used in mobile
communication systems (2.4 GHz) may be used to
provide the required data transfer for the ISL
between the satellites in the frequency range of 0.7-1
GHz. Alternatively the CDMA protocols may be
used for the ISLs. The configuration requires ± 30°
beam width at 3dB to keep separations in the 15 – 40
km range and link budgets are achieved with a high
gain 6.3 dBi transmitting helical antenna on the
Daughter and a 9 dBi receiving patch antennae on
the Mothership.
The helical antenna is less than 20 cm long when
fully deployed and can be stowed until deployment,
as illustrated in Fig 5 below. The patch antenna
occupies an area of Ф180 mm, height of 80 mm, as
illustrated in Fig 6 below.
3.4 Micro-propulsion technologies
For orbit maintenance of the constellation, a
micro-propulsion module is configured on-board the
Daughter Nano-satellite, which uses liquid butane as
propellant, well suitable for the 2U daughter
cube-satellite. This module contains a propellant
tank, feed system and four thruster chips fabricated
using micro-electro-mechanical system (MEMS)
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technology. The thruster chip containing a flow
control valve, a flow sensor, and a chamber/nozzle
can be controlled individually and delivers exactly
the commanded thrust in the range 0-1mN at any
time.

The specifications of the micro propulsion module
are as follows:












Four 1mN thrusters with closed-loop thrust
control.
Thrust resolution:10uN
Propellant: Butane
Total impulse:40 Ns
Size:10x10x4cm
Weight: 250g(dry)
Propellant capacity:50g (butane)
Operating pressure:2~7bar
Power consumpition:2W(average, operating)
Electrical interface: I2C

3.5 Deep space Satellite-Earth data links and
high-speed communication

Figure 5 Transmitting antenna and its radiation
pattern

With the development and experiences of the
Chang’E Mission, the Chinese X-band deep-space
monitoring system, including TT&C, and the science
data downloading system have been validated and
operated successfully. In China the 55m receiving
antenna in Miyun ground station, and the 40m
antenna in Kunming can support science data
downloading for SULFRO. The on-board X-band
0.6m, 25.4dBi high-gain slotted waveguide antenna
with a 65W feed and a beamwidth ±3° can provide a
15Mbps data rate to the ground station. In Europe
and in other parts of the world, other ground stations
may be found to facilitate 24 hr data downloading.
3.6 Satellite EMC

Figure 6. Receiving antenna and its radiation pattern

The key technology in this module is the closed loop
control that measures delivered thrust in real time.
This is achieved by implementing a mass flow
sensor in the MEMS thruster, which enables a
measurement of delivered mass flow in real time.
The real time thrust data is used in the control loop
for the proportional thruster valve. With this
technique, a new thrust level can be commanded and
delivered every second with a precision better than
1%. The butane propellant is stored in the
10x10x4cm module that weighs about 300 grams
(including propellant), which can provide a total
impulse of 40Ns. This capability enables the
Daughter satellite to perform advanced orbit
maneuvering and attitude control for formation
maintenance.
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The mission imposes very strict electromagnetic
compatibility (EMC) requirements on the Daughter
spacecraft and also the Mothership, such that the
sensitivity of the observations will be set by
statistical fluctuations of the Galactic radio
background rather than by internally generated
variable signals. The analog part of the signal chain
is most sensitive to noise and interference generated
in the spacecraft. By carefully taking into account
grounding and EMC design aspects, andby
applying filtering and 40-50 dB shielding
of the high speed digital electronics, the
clocks, and the power supplies, the EMC
requirements can be met.
Besides the Galactic background, solar and planetary
signals also contribute to the background. Dominant
but sporadic Solar burst (tied to the 11-year solar
cycle), anisotropic Auroral Kilometric Radiation
(AKR) (below 1 MHz) and Quasi-Thermal noise
(QTN) in the solar wind plasma (below few 100
kHz), and sporadic Earth lightning (attenuated below
5 - 10 MHz by ionosphere) need to be carefully
identified, subtracted, and modeled to assure the
success of the other most sensitive experiments.
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4.

RELATED SATELLITE TECHNOLOGIES
AND PROJECTS AT SECM

4.1 Micro-satellite technologies and projects
Founded by Chinese Academy of Sciences and
Shanghai City Government in 2003, the Shanghai
Engineering Center for Microsatellites (SECM) has
successfully explored and developed micro-satellite
technologies for some projects and applications,
such as Innovation-1 (launched in 2003) and the
Companion-1 (also named as BX-1) satellite[6] for
SZ-7 (launched in 2008) (Fig 7). Innovation-1 is a
LEO communication micro-satellite with 88kg
weight; Companion-1 was released from the SZ-7
spaceship, which realized companion (formation)
flying using its attitude and orbit control system
(AOCS) and its propulsion subsystem. Companion-1
features a centralized highly functional density
design and a propulsion subsystem using liquid
ammonia as propellant, which has many advantages
such as being non-polluting, low-cost, and having a
small control impulse, and is well suitable for
microsatellites (see Fig 8). Another small satellite
mission, Carbon-Sat, dedicated to global CO2
monitoring is under development, and expected to be
launched in 2016.

Fig 8 Companion -1 microsat and its cold-gas
propulsion system
4.2 Nano-satellite technologies and projects
With the development of nanosat and cubesat
technologies, cubesats are now not only just
educational tools and technology demonstration
platforms, they also play practical roles in real space
applications. Two cubesat missions are funded by
SECM and currently under development. STU-1, as
one of the fifty cubesats of QB50 program[5], is
designed and developed jointly by Shanghai
Technical University and SECM. This is a 2U
cubesat with a science payload of FIPEX provided
by the QB50 project[7] and thermal sensors for Earth
atmosphere study. The TW-1 project is a cubesat
networking technology demonstration mission
initiated by SECM, consisting of a 3U cubesat and
two 2U cubesats. The TW-1 will be launched in May
2015 with the following mission objectives:





Fig 7 Micro and small satellite missions in SECM
(Innovation-1, Companion -1, Carbon-Sat)
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Demonstration of autonomous formation flying
with two cubesats,
Cubesats networking based on Gamalink and
cubesat space protocol (CSP),
In-orbit demonstration and validation of
cubesat equipment such as dual-band,
GPS/BeiDou receiver, MEMS based cold-gas
micropropulsion, etc.,
Monitoring sea ice and gaining the maritime
traffic information in polar region based on
automatic identification system (AIS) receiver
on-board a cubesat, and
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Monitoring air traffic flow by collecting the
automatic dependent surveillance broadcast
(ADS-B) signals from space.

Many technologies to be demonstrated in the TW-1
mission provide direct support for the SULFRO
mission, such as the micro-propulsion module used
for formation flying experiments, the ISL module
used for satellite networking, the orbit maintenance
techniques for formation flying, and the
measurement of inter-satellite distance and
orientation, etc.
5.

5.

6.

7.

D., Bergman, J., FIRST, 2009, Explorer
mission concept study, ESA/ESTEC TR TQE
(RES) 015, ESA contract CCN18 -19030
DARIS, 2010, Very Large Effective Receiving
Antenna Aperture in Space, ESTEC/Contract
22108/08/NL/ST
Zhu Z, Chen H, Chen W, Zhou Y, et al. BX-1:
the companion microsatellite in Shenzhou-7
mission, SmallSat Conference, SSC09-IV-4,
Aug 2009, Utah USA
Website,
QB50
space
mission,

http://www.qb50.eu

SUMMARY

The concept of a low-frequency space array has been
studied since the mid 1970s, while no proposal has
been successfully accepted for implementation for
being too demanding in both technological and
financial aspects. Recent advances in nano- and
micro-satellite technology make it a possible to
implement a low-cost observatory platform, to study
the last unexplored radio frequency regime, and to
open a large discovery space. This paper presents a
technical proposal to implement such an innovative
and complicated space observatory array. The
mission concept with a preliminary space system
design required placement of a constellation of 13
satellites in a SE L2 Lissajous or Halo orbit.. The
concept design of the satellite platforms and their
subsystems is based on recent micro- and
nano-satellite technologies, products, and experience.
The key technologies that enable such a complex
pathfinder mission rely on the latest available
technologies and advances in space community that
will provide critical capabilities of future more
complex
missions.
Extensive
international
cooperation are foreseen necessary to materialize
this mission, while the on-going joint call of
CAS-ESA for scientific space mission provides a
potential good opportunity for the SULFRO concept
to evolve into a actual space science mission.
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